It is characteristic of Gauss's method of working that he published no investigation until it was either finally completed or had been developed to the highest stage attainable at the time with the material at hand. Were there any weak points, no opportunity to point these out was neglected by him. Herein lies the classic value ooe his works, and so, naturally, it came to pass that for many years the principal endeavor of his successors was to fill in the missing links, and that only recently attempts have been made to farther develop his methods.
Gauss, in his computations, and so also his successors up to this time, developed his mathematical expression to terms of the fourth order (24 terms), and on the basis of a spherical Earth. Fritche, • however, published, in •897, the results of a comprehensive recomputation, in which he investigated how many terms of the series had to be used in order to obtain the maximum degree of accuracy in the mathematical representation of the distribution of the Earth's magnetism. Sixty-three constants seemed to give no material improvement over forty-eight; the latter number, however, gave a more accurate representation than obtainable with but twenty-four constants. For this purpose he had a metallic connection between an apparatus, consisting of many hundred points, placed on a hill, and the ground in the valley below, and thus obtained the difference of potential of the existing currents. It is a question, however, whether such currents would also exist without a metallic conductor.
The permanent value of the investigation of the Gaussian line integral is, therefore, this, that the Earth's permanent magnetic field is to be ascribed entirely to forces possessing a potential, and that this integral, hence, is a criterion of the accuracy of a given magnetic survey.
As soon as it was recognized that the fundamental premise of the Gaussian theory was a correct one, an endeavor was next made to further develop his theory. The striking irregularity in the dis- Palmieri • has shown that earth-currents follow the slope of hills.
Such an upward-sloping current must of necessity evoke a disturbed field. To investigate this, it would be necessary to carry out lineintegrals around a mountainous region.
All of the investigations thus far described pertain to the permanent magnetic field. This is, however, subject to the secular varia- This, of course, does not yet prove the existence of such a current field, for every magnetic effect can be regarded as due to a properly distributed current system. However, the possibility of there being such currents is a great one, for Schuster, z likewise, was able to show that, under certain assumptions of the conductivity of the upper strata, the secular variation may be due to electric currents in those regions. In this connection should also be cited ICom's: researches, in which he makes use of the hydrodynamic theory of gravitation to explain the circumstance that the ]Earth is magnetized (principally) in the direction of the axis of rotation. So, also, XVessely's s idea deserves mention; he endeavored to explain the same circumstance with currents due to the orbital motion of the ]Earth.
In contrast to the phenomena of the permanent field, we have the so-called periodic variations, by which we understand those phenomena which appear to repeat themselves within definite periods. The character of these is defined by the number and position of the maxima and minima, and by the range; the latter, however, generally being itself subject to periodic fluctuations, so that the phenomena may not strictly repeat themselves until after the lapse of long periods. If the period be known, definitely, the phenomena can be represented by suitable functions. Thus, for the diurnal variation, regarded, simply, as a function of the solar hours, a Fourier series would be used. If this phenomenon be also regarded as a function of the months, spherical harmonics would be employed, and if, in addition, it is desired to express the eleven-year fluctuation in the diurnal variation, elliptic Lam• • T. NI., ¾ol. I, p. x, x896.
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•o7 functions would be required. Such a mathematical representation, or harmonic analysis, as the writer has shown elsewhere, likewise expresses the physical origin of the phenomena. The period of the harmonic must, of course, be definitely known, as it may easily happen that a period may have resulted by interference. Thus, for example, it was thought for some time that there existed a relation between magnetic phenomena and the sunrotation period (26 days). This period, however, Schuster was able to show, resulted from interfering periods. I-Ie was enabled to do this with the aid of his method of "hidden periodicities." • Of the variations, the diurnal variation alone has been subjected to a Gaussian analysis of the operating forces, viz., by Schuster, 2 who assumed that the system of forces possessed a potential which rotated about the Earth in 24 hours without undergoing any change. Bezold called attention to the fact that Schuster's assumption consists of two independent parts-First, the normal daily variation is produced by a system of forces which revolves, unaltered, in the course of the day about the Earth, supposed to be standing still; and, secondly, the system has a potentia!.
• If the first premise be true, the diurnal variation is but a function of the local mean time (or longitude), and, hence, will be the same for all points in the same parallel of latitude. Von ]3ezo!d investigated this with vector diagrams, oriented with respect to the geographical meridian.
More interesting is the second premise, that the system has a potential. Two cases are possible' either the system is unalterable, or periodically alterable. In this first case the daily variation is again but a function of latitude and longitude, and simple laws pertain to the potential Vd. For example, "a knowledge of either component of the horizontal force for all points on the Earth suffices to determine the potential and all the other components at every point." The two rectangular components of /-/, Xa and Izd, are, therefore, not independent of each other. Yon Bezo!d has deduced some other laws and given an expression involving the horizontal components for testing, with the aid of the observations, the hypothesis of a daily potential. ! A. SCHUSTER' "On the investigation of hidden periodicities, s' T. M., Vol. III,
